Abstract. The transverse spin phenomena are one of the most important topics being presently investigated in semi-inclusive Deep Inelastic Scattering. In the last two years, since SPIN2004, many new data have become available. In parallel a remarkable progress in understanding the spin and the transverse momentum structure of the nucleon has occured.
polarimetry" has to be exploited. Amongst the different methods which have been proposed [8] , the present experiments are measuring the "single hadron asymmetry" ("Collins asymmetry"), the "two hadron asymmetry", and the Λ hyperon transverse polarisation. These methods are complementary, since the chiral-odd partners of the transversity DF's are the spin dependent parts of different fragmentation functions (FF's). Due to lack of space, in this report I will mention only the first two methods, and refer to Ref. [9] for the Λ polarimetry.
The Collins asymmetry is related to a modulation in the "Collins angle" of the distribution of inclusively produced hadrons. A quark moving horizontally and polarised upward would emit the leading meson preferentially on the left side of the jet. Thus, the FF has a spin dependent part (the "Collins FF") responsible for the left-right asymmetry in the azimuthal distribution of the hadrons produced in the fragmentation. Comparing the cross-sections on oppositely polarised target nucleons, one can measure the transverse spin asymmetry
where
is the transverse spin transfer coefficient from the initial to the struck quark, and S is the component of the target spin orthogonal to the virtual photon direction. The Collins angle, originally defined as the angle between the transverse momentum of the outgoing hadron and the transverse spin vector of the fragmenting quark, is measured from Φ Coll = φ h − φ s ′ = φ h + φ S − π (this is the convention adopted by COMPASS; the HERMES Collaboration defines Φ Coll = φ h +φ S , which leads to measured asymmetries with opposite sign). The angles φ h and φ S are respectively the azimuthal angle of the hadron and of the target spin in a coordinate system in which the z-axis is the virtual photon direction, and the x-z plane is the lepton scattering plane with positive x-direction along the scattered lepton transverse momentum. In the parton model the Collins asymmetry is given by
where ∆ 0 T D h q indicates the Collins FF, and the symbol ⊗ the integration over transverse momenta. From (2) it is clear how, using different targets and identifying the final hadrons, one can perform flavour separation, which is a unique feature of SIDIS.
At SPIN2004 the first transversity signals were shown. On the proton target, using the data collected in 2002 and 2003, HERMES measured Collins asymmetries different from zero and with opposite sign for π + and for π − , giving a first important hint for transversity DF's and Collins FF's different from zero. COMPASS measured Collins asymmetries on the deuteron target from the 2002 data for positive (h + ) and negative (h − ) hadrons, obtaining in both cases values compatible with zero, indicating a possible cancellation between the proton and the neutron.
Since that time, remarkable progress has been done. Very good news came from the Belle collaboration which measured in e + e − → hadrons a Collins function different [12, 13] , and confirms with high accuracy that the Collins asymmetry on deuteron is compatible with zero. The new COMPASS and HERMES results in the valence region can be interpreted naively in the framework of the parton model [12, 13] . Phenomenological calculations have already been performed [14, 15, 16] mainly fitting the HERMES data; the comparison with the COMPASS 2002 data and with the Belle measurements is satisfactory. The main result of the calculations is an indication for u-quark dominance and for favoured and unfavoured Collins functions of almost equal strength and opposite sign. A very interesting result. The work will be repeated soon using the HERMES and the new Belle and COMPASS data, and more quantitative information on both the u and d quarks DF's is expected. To further progress, more data are needed; in particular from COMPASS, with a proton target, to investigate the energy dependence of these effects.
New results are also available for K ± from HERMES 2002-2004 data [11] and for π ± and K ± from COMPASS 2003-2004 data [12] . All the measured Collins asymmetries are shown in Fig. 1 . As expected from the h ± measurements, the π ± asymmetries from COMPASS are compatible with zero inside the slightly larger statistical errors. The K ± asymmetries do not exhibit any signal, both on proton and deuteron. These preliminary results are quite recent, and no theoretical interpretation is yet available.
The two hadron asymmetries constitute an alternative way to access the transversity DF's ∆ T q, and, in some models [8] , they are expected to carry a stronger signature to the quark spin than the Collins asymmetry itself. The experimental asymmetry is built looking for pairs of inclusively produced hadrons, which must be distinguishable, f.i. of opposite charge. The expression of the asymmetry is similar to that of the Collins case given in (1), where the angle Φ Coll is now replaced by the azimuthal angle of the hadron pair plane with respect to the lepton scattering plane. Also, the A Coll asymmetry is replaced by
The quark FF into the specific hadron pair is indicated with D 2h q , and H < ) 1 is its spin dependent part. Both of them are presently unknown: their measurement in e + e − annihilation is ongoing.
At the time of SPIN2004, only the measurements from HERMES on a longitudinally polarised target data were available. Today preliminary results on transversely polarised proton and deuteron targets, from HERMES [17] and COMPASS [18] respectively, are available. Again, an asymmetry different from zero has been measured by HERMES, while the data on deuteron are compatible with zero. Theoretical interpretations in terms of the interference FF's are being worked out and the present status has been presented at this Symposium [19] .
The SIDIS processes on transversely polarised targets give the possibility of investigating several interesting phenomena. In particular, in the last years, new results were obtained for the "Sivers DF's" which are, together with the transversity, the most studied in SIDIS. They are the transverse momentum dependent (TMD) parton distributions describing the correlation of the intrinsic parton transverse momentum with the transverse polarisation of the nucleon. Their properties and the relation with the parton orbital angular momentum in a transversely polarised nucleon can be found f.i. in [20] .
Very much like the transversity DF's, the Sivers functions can be measured in SIDIS looking at the azimuthal angle of the inclusively produced hadrons. Now the modulation appears in the "Sivers angle" Φ Siv = φ h − φ S , and the measurable "Sivers asymmetry" can be written as
where the only unknown terms are the Sivers functions indicated with ∆ T 0 q. It is important to note that, in SIDIS, the asymmetries due to the Collins and to the Sivers mechanisms depend on sin Φ Coll and sin Φ Siv , which are orthogonal functions, and thus can be estimated independently using the same hadrons samples.
First results for π ± from the HERMES 2002-2003 data, and for h ± from the COM-PASS 2002 data were shown at SPIN2004. Values compatible with zero for π − and significantly positive asymmetries for π + were obtained with the proton target, showing that the Sivers effect is a real effect. On deuteron, the asymmetries were measured to be compatible with zero both for h + and h − . All these data could be explained assuming cancellation between the u and d quarks. 
, and has been recently interpreted in terms of absence of gluon orbital angular momentum in the nucleon, as reported in [12] . Very good quality fits of the HERMES data were done, and the comparison with the 2002 COMPASS results was satisfactory [21] . However, when comparing the fits with the new data on deuteron, the agreement looks sometimes marginal [13] and for sure these data will allow to put further constrains on the Sivers DF's. Proton data from COMPASS and neutron data from JLAB are needed to confirm the present picture and to better constrain the d-quark distribution respectively.
Recently HERMES and COMPASS have also measured the Sivers asymmetries for K ± and π ± and K ± respectively, which are shown in Fig. 2 . As can be seen, the only asymmetries non compatible with zero are those for K + on proton. Here the signal is large, and it will be interesting to see which are the implications on the phenomenological descriptions of the data.
When the transverse intrinsic momentum is taken into account, new terms appear in the SIDIS cross-section at leading order [22] . In addition to the Collins and Sivers terms, there is one extra term in the cross section of unpolarised beam and target (related to the so-called Boer-Mulders DF), of unpolarised beam and longitudinally polarised target, of unpolarised beam and transversely polarised target, and of longitudinally polarised beam and transversely polarised target. They are all related to orthogonal functions of the azimuthal angles and the corresponding asymmetries can all be disentangled and measured in SIDIS. These measurements are regarded with increasing interest, because of their dependence on the transverse momentum, and both HERMES and COMPASS will be able to extract them using the already collected data. Presently the only preliminary results are those of CLASS, in which there is evidence for a Boer-Mulders effect.
To summarise, the study of transverse spin effects in SIDIS has progressed remarkably in the last years. Since SPIN2004 new important results have been obtained both on the experimental and the theoretical sides. The Collins mechanism has been firmly established, the Collins FF's can be measured in e + e − , and the transversity DF's in SIDIS. The Sivers mechanism has been confirmed to be a real mechanism and important progress was done in understanding the relevance of the Sivers function and its connection with the orbital angular momentum. The overall picture is becoming clear and first attempts to extract the transversity and the Sivers DF's have already given quantitative results. Further phenomenological calculations, including the Belle results for the Collins FF and the present HERMES and COMPASS data will give soon more insights on the spin dependent DF's. In the near future, more results will come from HERMES with the 2005 data analysis and from COMPASS which will take data with a transversely polarised target in 2007. Also, the JLAB upgrade to 12 GeV and measurements with transversely polarised targets would give new important inputs in the large x regions.
All these measurements constitute a remarkable contribution towards the understanding of the transverse spin phenomena, and a solid starting point for the new projects which are being planned to precisely map all the transverse spin effects, like the high energy ep collider in the U.S., the polarisedpp experiments at GSI, and the continuation of the SIDIS measurements at CERN.
